
To the Editor-in-Chief
Sir,

Complex formation between alumi-
nium(III) and 2-hydroxy nicotinic
acid: an electrospray mass spectro-
metric investigation

In the last years several possible
aluminium(III) chelating agents have
been testedin vitro and in vivo1–3 for
their possible pharmacological utili-
sation in the therapy for aluminium
overload pathologies.4–7 However,
the most promising agents to selec-
tively remove the metal from the
body, Desferal (actually also the most
widely used) and some derivatives of
3-hydroxy-4-pyridinones, give sev-
eral toxic side effects and have a
number of other drawbacks.1,8 There-

fore, the search for new possible
aluminium (and iron) chelating agents
is still open. Suitable molecules are
usually chosen on a chemical basis,
i.e. according to their capability to
form stable complexes with the metal,
and are subsequently tested to deter-
mine their pharmacological and toxi-
cological properties. Thus, knowl-
edge of the solution thermodynamic
properties of their metal complexes is
required in order to understand the
results of any pharmacological ex-
perimentation.

The pyridine analogue of salicylic
acid, 2-hydroxynicotinic acid (H2L),
has known pharmaceutical properties,
and some derivatives are already used
as active principles in antibacterial
drugs.9,10 Nevertheless it has never
been considered in chelation therapy
applications, in spite of having the
structural requirements to form stable
complexes with aluminium(III).

In a previous paper11 we reported
the stoichiometry and stability con-
stants of aluminium(III)-2-hydroxy-
nicotinic acid complexes by means of
potentiometric, UV and NMR techni-
ques. Using these thermodynamic
data, the distribution diagram of the
Al(III)/H 2L/H2O system, shown in
Fig. 1, is obtained. At the reported
metal and ligand concentrations
(CAl = 1.3� 10ÿ3 M, CH2L = 3.9�

10ÿ3 M) the complex [Al(HL)]2� is
the predominant species at lower pH
in the presence of a threefold excess
of H2L. The 1:2 species [Al(HL)2]

�

was detected as the dominant one in
the pH range 3–5, in the presence of
excess of H2L, while the 1:3 complex
appears to be quite stable at pH values
higher than 5, under the same experi-
mental conditions. In order to obtain a
reliable validation of potentiometric
and spectroscopic results, we have
undertaken an electrospray ionisation
mass spectrometry (ESI-MS) analy-
sis12 of the Al(III)/H2L/H2O system,
and the results are described in the
present communication. Despite the
fact that ESI-MS at this moment
represents one of the most powerful
methods for the acquisition of quali-
tative and semiquantitative informa-
tion on organometallic and transition
metal chemistry, this technique has
rarely been used for coordination
studies regarding aluminium deriva-
tives.13

Standard conditions used for this
study: Thermoquest (Finnigan MAT)
LCQ mass spectrometer with an
upper mass limit ofm/z1850. Direct
infusion via a syringe pump, flow rate
8mL minÿ1. Nebulizing gas N2. Spray
voltage 3.5 kV, capillary voltage�20
to ÿ20 V, capillary temperature
150°C. MSn experiments (n = 2,3)

Figure 1. Distribution diagram of most important species in an aqueous solution containing Al(III) 1.3� 10ÿ3 M
and H2L 3.9� 10ÿ3 M, from potentiometric data (see Ref. 11).
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were obtained by resonanceactiva-
tion.

Solutionsfor theESI-MS measure-
ments werepreparedby dissolving in
water (purified with a Mill i-Q/plus
apparatus, Millipor e) weighed
amounts of 2-hydroxynicotinic acid
(H2L, Avocado,nominalpurity 99%)
and AlCl3�6H2O (Fluka, minimal
purity 99%). Subsequently,theappro-
priate amount of methanol (BDH,
99.8% purity) was added to obtain
3:1 v/v water/methanolmixtures.The
pH of thesesolutionswasadjustedby
adding concentrated NaOH (Fluka,
minimal purity 98%) and was
measured with a combined glass
electrode (BDH 309/1025/02) pre-
viously calibrated against standard
buffer solutions (pH 4 and 7). No
correction wasmadefor thepresence
of methanol.

The electrospraymass spectraof
water/methanol (3:1) v/v mixtures
containing AlCl3 and H2L, obtained
by directinfusioninto theESIsource,
and analyzed both in positive and
negative ion modes, showed the
occurrenceof different species. Fig-
ure 2 shows the spectrum obtained
from asolutioncontaining2.4� 10ÿ3

M AlCl3 and1.3� 10ÿ3 M H2L atpH
3.05. Under such conditions it is
interesting to note that, with the
exception of a peakat m/z303which
can be assignedto the 1:2 complex
[Al( HL)2]

�, thebasepeakat m/z214,
as well as all the other peaksat m/z
200, 228, 232, 310, indicate the

coordination to the aluminium ion of
a single 2-hydroxynicotinic acid li-
gand, in association with water or
methanol solvent molecules, up to a
coordination number of 6.

By recording the ESI massspec-
trum in the absenceof addedmetha-
nol, the almost complete disappear-
ance of the CH3OH containing
specieswasobserved.Figures3 (a)–
(b) show two spectra pertaining to
solutions containing 1.3� 10ÿ3 M
AlCl3 and 3.9� 10ÿ3 M H2L at pH
3.55and5.67,respectively, the same
concentrationsas in Fig. 1. The base
peakfoundin spectrum A (pH 3.55)at
m/z303 corresponds to the 1:2 com-
plex [Al( HL)2]

�, while the peak
corresponding to the 1:3 complex,
[Al(HL) 3H]�, is detectedat m/z 442
in a relative abundance of ca. 40%.
The species detected at m/z 464
(�25% rel. abund.)can be ascribed
to the formation of the cation
[Al(HL) 3Na]�. Supportfor the iden-
tification of the complex[Al(HL) 2]

�

was obtainedboth from spectracol-
lected in negative ion mode where
this speciesis found at m/z301, and
from tandem (MSn) massspectra. In
particular the 1:2 complex decom-
posesby losing a 44Da fragment,
likely dueto CO2 release,andthe ion
at m/z259thusformedaddsa neutral
water molecule forming a cationic
speciesat m/z 277 by ion-molecule
reactionwithin the ion trap.14 Analo-
gousbehavioris observedin negative
ion mode where the 1:2 complex,

detected at m/z 301, decomposesby
again losing a 44Da fragment thus
forming the ion at m/z257.

Changing the experimental condi-
tions from those employed to obtain
thespectrumin Fig. 3 (a) (pH 3.55) to
thoseof Fig. 3 (b) (pH 5.67) causes
two main changes in the distribution
of species. In particular the cation
[Al(HL) 3Na]� becomes the base
peak,in agreement with the increase
of the 1:3 speciessuggested by the
potentiometric measurements (Fig.
1), and also in accord with the
increase of NaOH concentration due
to pH adjustment. As expected from
potentiometric data, the 1:2 species
[Al(HL) 2]

� at m/z303 is still present
in thesolution. As wasobservedwith
the solution at a lower pH value, the
analysis in negative ion modeof the
solution at pH 5.67 offered very
similar results.

In conclusion,theESI-MSanalysis
allowedus to confirm the identity of
the different complexes formed by
coordination of 2-hydroxynicotinic
acid to Al(III) in aqueous solution.
In all cases mononuclear complexes
were formed with a precise 1:1, 1:2,
1:3 metal-to-ligand stoichiometry,
andwerecharacterisedby MSn analy-
sis. Despite the fact that the mass
spectrometric measurements do not
conform to strict thermodynamic
conditionsin the bulk solution, anda
direct relationship between ions ob-
servedin solutionandin thegasphase
hasto be viewedwith caution, in the

Figure 2. ESI massspectrumof solutions (3:1 v/v water/methanol)containing 2.4� 10ÿ3 M AlCl3 and
1.3� 10ÿ3 M H2L at pH 3.05,with peakassignmentsindicated.
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present casethe relative distribution
of the different Al(III) complexes
accords well with potentiometric,
UV andNMR data.11
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